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What are they? Kinetochores are
protein machines that assemble on
centromeric DNA. They attach
chromosomes to spindle
microtubules, helping them to
segregate to daughter cells during cell
division with incredible precision. If
you ever wondered how your 100
trillion cells end up with 46 — and
not 45 or 47 — chromosomes, then
kinetochores are (part of) the answer.
Not to be confused with¼ centrosomes.
But it’s OK to confuse them with
centromeres. The centromere is the
chromosomal domain where the
kinetochore is assembled. Genetically
speaking, the centromere is the locus
necessary to segregate chromosomes.
In many species, the centromere is
also defined cytologically as the
primary constriction visible on
condensed chromosomes (the
intersection point of the classical
X-shaped chromosome) — this is also
the point where one observes
connection to spindle microtubules.
Probably the most commonsensical
definition describes the kinetochore
as the protein machine that assembles
on centromeric DNA during
mitosis/meiosis.
What about the DNA sequences on
which kinetochores assemble? They’re
hugely variable. In some species (for
example, budding yeast) they are
small (125 base pairs) and specific,
much like a transcriptional promoter.
In other species they are large chunks
of DNA often containing imperfect
repeats; phrases such as ‘higher order
chromatin structure’ and ‘epigenetic
character’ often dominate discussions
of their nature. It’s not really known
why centromeric DNA varies so
much between species, nor how it
directs assembly of a kinetochore, but
the evolutionary conservation of
some kinetochore components
suggests some underlying similarities
in kinetochore structure.
What do they look like? In budding
yeast, a 125-base-pair DNA element
forms a large nucleoprotein complex
that, in turn, connects to a single
microtubule. The actual molecules
mediating this connection remain
elusive. Electron microscopy of the
cells of several species reveals a
multilayered plate structure at the
primary constriction of mitotic
chromosomes. This textbook
‘trilaminar plate’ view of the
kinetochore has been recently
challenged by new EM methods,
although the concept of a
proteinaceous plate remains
prevalent. An interesting twist is
provided by species that have
holocentric chromosomes (such as
Caenorhabditis elegans), where the
kinetochore does not assemble at a
specific point but all along the length
of the chromosome.
How do they work? Elegant studies in
vertebrate and insect cells have
provided insights into the mechanics
of kinetochore attachment to, and
movement on, spindle microtubules
but the molecular mechanisms remain
largely uncharacterized. The fact that
microtubule motor and
depolymerizing proteins localize to
kinetochores suggests they have a role
at the kinetochore–microtubule
interface. More progress has been
made on how the kinetochore ensures
high-fidelity segregation, with the
identification of a conserved
checkpoint pathway that prevents
cells from entering anaphase until all
kinetochores are attached to
microtubules. The involvement of
microtubule motor proteins in the
checkpoint pathway points to links
between the mechanochemical and
attachment-monitoring functions of
the kinetochore. All in all, there’s a lot
going on in that tiny little space.
Do they have commercial potential? Yes.
Mutations in the checkpoint pathway
monitoring kinetochore–microtubule
interactions may underly
chromosomal instabilities associated
with some forms of cancer.
Anti-cancer drugs that target tubulin,
such as taxol, may actually work by
perturbing the dynamic
kinetochore–microtubule interaction.
Compounds specifically targeting the
kinetochore–microtubule interface
could therefore provide new cancer
therapy opportunities.
Do say¼ “There’s so much about this
tiny, incredibly complex machine
that remains to be discovered.”
Don’t say¼ “There are many
bleached bones on the shores of the
kinetochore field.”
Where can I find out more?
Clarke L: Centromeres: proteins, protein
complexes, and repeated domains at
centromeres of simple eukaryotes. Curr
Opin Genet Dev 1998, 8:212-218.
Karpen GH, Allshire RC: The case for
epigenetic effects on centromere identity
and function. Trends Genet 1997,
13:489-496.
Maney T, Ginkel LM, Hunter AW, Wordeman L:
The kinetochore of higher eucaryotes: a
molecular view. Int Rev Cytol 2000,
194:67-131.
McEwen BF, Hsieh CE, Mattheyses AL, Rieder
CL: A new look at kinetochore structure
in vertebrate somatic cells using high-
pressure freezing and freeze
substitution. Chromosoma 1988,
107:366-375.
Rieder CL, Salmon ED: The vertebrate cell
kinetochore and its roles during mitosis.
Trends Cell Biol 1998, 8:310-318.
Address: European Molecular Biology
Laboratory, Postfach 10 22 09, D-69012,
Germany.
R508 Current Biology Vol 10 No 14
A vertebrate cell in metaphase. Kinetochores
are labeled in red, microtubules in green and
chromosomes in blue.
